Structure investigation of ultrananocrystalline diamond/amorphous
carbon composite films in vacuum by a coaxial arc plasma gun
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Abstract

Ultrananocrystalline diamond (UNCD)/non-hydrogenated amorphous carbon (a-C) composite films were grown in vacuum by
using a coaxial arc plasma gun. From the X-ray diffraction measurement, the UNCD crystallite size was estimated to be 1.6 nm.
The size is dramatically reduced from that (2.3 nm) of UNCD/hydrogenated amorphous carbon (a-C:H) composite films grown in
a hydrogen atmosphere. The sp3/(sp? + sp?) value, which was estimated from the X-ray photoemission spectrum, was also
reduced to be 36%. A reason might be the reduction in the UNCD crystallite size. From the near-edge X-ray absorption fine-
structure (NEXAFS) spectrum, it was found that the 7*C=C and n*C=C bonds are preferentially formed instead of the ¢*C-H
bonds in the UNCD/a-C:H films. Since the extremely small UNCD crystallites (1.6 nm) correspond to the nuclei of diamond, we
believe that the UNCD crystallite formation by CAPD should be predominantly due to nucleation.

Hydrogen Gas Effect on the UNCD Formation

We realized the arbon N
composite (UNCD/a-C:H) films in hydrogen atmosphere by coaxialarc plasma deposition (CAPD).
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Inthe case of the dangling bonds of carbon
clusters with diameters less than 3 nm being
terminated by hydrogen, the tetrahedral
(diamond) structure is more stable than
hexagonal one.
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Hydrogen atoms remove non-diamond carbon from the surface.
ringimage on the imaging plate.

8. V.pitsyn, L L. Bouiloy, and 8. V. Derfaguin, ). Cryst. Growth 52 (1981) 215

AUNCD crystallite size was estimated to be 2.3 nm. . — .
Ahydrogen atmosphere might have significant roles on the UNCD formation.

(graphite) vapor with highly energetic ions preferable

for UNCD growth.

Aim: We attempt to grow UNCD/a-C films in vacuum by a coaxial
arc plasma gun using a graphite target.
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The extremely small crystallites (1.6 nm)
should correspond to nuclei of diamond.

Alarge sp® /(sp? + sp) value
» UNCD/a-C film D 36%
» UNCD/a-C:H film : 64%
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the diminished UNCD crystallite size.

Near-Edge X-ray Absorption Fine Structure (NEXAFS)
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UNCD/a-C film
» m*C=C and n*C=C peaks are broadened
» m*C=C is divided into two
: my*C=C and m,*C=C
» m*C=C peak is stronger

UNCD/a-CH film
- > 6*C-H peak is observed

UNCD/a-C:H film
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Instead of the 6 C—H bonds, the n C=C
and n C=C bonds are preferentially
formed in vacuum.

These results are consistentwith the
reduced sp?/(sp? +sp?) value.

RMS roughness is approximately 0.2 nm
Film surface is extremely smooth
compared with the UNCD crystallite size.

UNCD crystallite formation is realized at
subsurface rather than film surface.
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Conclusion

¢ We succeeded in growing UNCD/a-C composite films in vacuum

» UNCD/a-C film : 1.6nm
|_ » UNCD/a-C:H film : 2.3nm
—> UNCD formation in vacuum by CAPD should be predominantly due to
nucleation.
Hydrogen facilitates UNCD growth.

by the coaxial arc gun.
UNCD crystallite size

* Asmaller sp® /(sp? + sp?) value (36%) was obtained

as compared with that of UNCD/a-C:H films.

—> This mightbe attributed to the diminished UNCD crystallite size.

o Two peaks of 1*C=C & a stronger n*C=C peak were observed in

UNCD/a-C films, while 6*C-H peak was observed in UNCD/a-C:H films.
—> Instead of the 6 C—H bonds, the © C=C and © C=C bonds are preferentially
formed in vacuum.

¢ The RMS was 0.2 nm.

—> UNCDs are generated on not the surface but the subsurface of the film.
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